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ABSTRACT
The Elongator complex interacts with RNA polymerase II and via histone acetylation and DNA
demethylation facilitates epigenetically the transcription of genes involved in diverse processes in plants,
including growth, development, and immune response. Recently, we have shown that the Elongator
complex promotes hypocotyl elongation and photomorphogenesis in Arabidopsis thaliana by regulating
the photomorphogenesis and growth-related gene network that converges on genes implicated in cell
wall biogenesis and hormone signaling. Here, we report that germination in the elo mutant was delayed
by 6 h in the dark when compared to the wild type in a time lapse and germination assay. A number of
germination-correlated genes were down-regulated in the elo transcriptome, suggesting a transcriptional
regulation by Elongator. We also show that the hypocotyl elongation defect observed in the elo mutants
in darkness originates very early in the post-germination development and is independent from the
germination delay.
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The Elongator complex promotes the RNA polymerase II-
mediated transcript elongation through epigenetic histone ace-
tyl transferase (HAT) and DNA demethylation activities
conferred by one of its six subunits, designated ELP3.1-5 In
plants, the complex regulates growth, development, immune
response, sensitivity to drought and abscisic acid.6 Elongator
and genes are expressed in meristematic tissues, correlating
with delayed growth, shortened primary roots, reduced lateral
root density, abnormal leaves, defective inﬂorescence phyllo-
taxis, and reduced apical dominance in the elo mutants of Ara-
bidopsis thaliana.2,7,8 Germination delay of the elo3 mutant
had already been mentioned1 as well as severe perturbation in
post-germinative growth that could be rescued by addition of
sucrose in the growth media.7 Nevertheless, a possible correla-
tion between germination defects and defective seedling
growth had not been investigated. Phenotypes of the elo
mutants are frequently associated with reduced expression and
histone acetylation of the genes implicated in processes
affected by the elo mutations.2,4,8-11 Recently, we have pro-
posed a model in which Elongator represses the plant immune
response and promotes hypocotyl elongation and photomor-
phogenesis via the transcriptional control of positive photo-
morphogenesis regulators and a growth-regulatory network
that converges on genes involved in cell wall biogenesis and
hormone signaling.12 Here, we show that the elo3-6 mutants
are delayed in germination independently from the lag in the
very early post-germination growth, resulting in the hypocotyl
elongation phenotype in the dark. We also identify germina-
tion-related genes down-regulated in the transcriptome of the
mutant relative to the wild type.
To analyze the role of Elongator in the early development of
Arabidopsis, we compared the germination of the elo3-6
(GABI-KAT collection code GABI555_H06)2 mutant and the
wild type (Columbia-0 [Col-0] accession) in the presence or
absence of sucrose by means of a time lapse experiment. The
experiments were repeated twice with independent seed batches
of Col-0 and elo3-6. Per experiment, seed batches were har-
vested from plants grown at the same time under the same con-
ditions. Seeds sterilized for 10 min in 5% (v/v) bleach with
0.05% (v/v) Tween 20 were washed in water, sown on half-
strength MS medium13 with or without 1% (w/v) sucrose, and
stratiﬁed at 4C for 48 h. Seeds were illuminated for 6 h in
white light (100 mmol m¡2 s¡1) to induce germination, trans-
ferred to darkness for the indicated time at 21C to follow ger-
mination in a time lapse experiment with pictures taken every
1 h14,15 and with an infrared light of 930 nm for the imaging.
Root radicle emergence of at least 10 out of 20 seeds was used
as a proxy for germination and was delayed in the elo3-6
mutant by 6 h (Fig. 1A) in the presence or absence of sucrose.
To identify the exact germination and early post-germination
stage(s) delayed in the elo3-6 mutant,16 stratiﬁed seeds were
illuminated with white light and placed in the dark for germi-
nation. Samples of 50 Col-0 and elo3-6 seeds were taken every
3 h starting at 16 h in darkness. Lack of germination, testa rup-
ture, endosperm rupture, and post-germination stages A to F
were assessed under the stereomicroscope until 40 h. The num-
ber of seeds representing each developmental stage at a given
time point was plotted (Fig. 1B). Germination, deﬁned as the
point when more than 50% of the seeds reached endosperm
rupture, was delayed by 6 h in elo3-6 (time point 25 h) relative
CONTACT Mieke Van Lijsebettens mieke.vanlijsebettens@psb.vib-ugent.be VIB-UGent, Center for Plant Systems Biology, technologiepark 927, 9052 Gent,
Belgium.
© 2018 Taylor & Francis Group, LLC
PLANT SIGNALING & BEHAVIOR
2018, VOL. 0, NO. 0, e1422465 (3 pages)
https://doi.org/10.1080/15592324.2017.1422465
to Col-0 (time point 19 h). The post-germination stages A to F
were also achieved by elo3-6 plants with a delay of approxi-
mately 6 h, the stage assumed when at least 50% of the seed-
lings had reached this or a more advanced stage. At 31 h,
almost all seeds of both genotypes had germinated (Fig. 1B).
After 40 h, more than 60% of the Col-0 seedlings had reached
stage F, while the majority of the elo3-6 mutants remained at
stages B to E and only approximately 30% were at stage F.
By means of the time lapse imaging, we followed the post-
germination growth of the Col-0 and elo3-6 seedlings in dark-
ness for 100 h. In addition to the germination delay, also the
hypocotyl elongation was found to be postponed in the mutant
seedlings. The hypocotyls of the elo3-6 plants were visibly
shorter than those of the wild type already 24 h after germina-
tion (time points 45 h and 51 h for Col-0 and elo3-6, respec-
tively) (Fig. 1A). The delay in hypocotyl elongation in the dark
for the elo3-6 seedlings grown for 3–7 days without sucrose has
already been described.12 Here, we show that this effect origi-
nates in early post-germinative growth and is independent
from the germination defect. As the germination delay
occurred both in the presence and absence of 1% (w/v) sucrose,
we checked how sucrose affected the elongation of the elo3-6
hypocotyls. We compared the hypocotyl length of Col-0 and
elo3-6 seedlings grown in the dark on media with and without
sucrose. Under both conditions, the hypocotyls of elo3-6 were
shorter than those of Col-0, but sucrose had an inhibitory effect
on the hypocotyl elongation of both genotypes (Fig. 1C).
As the Elongator complex regulates transcription epigeneti-
cally, we searched the microarray dataset of 4-day-old darkness-
grown elo3-6 and Col-0 seedlings.12 We found that the germina-
tion-related genes,17 DELAY OF GERMINATION 1 (DOG1),
HOMEOBOX-LEUCINE ZIPPER PROTEIN B-15 (ATHB15),
Figure 1. Germination and post-germination development of the elo3-6 mutant. (A) The Col-0 and elo3-6 seeds were sown on half-strength MS with 1% (w/v) sucrose,
stratiﬁed for 48 h at 4C, exposed to white light for 6 h to stimulate germination, shifted to darkness, and followed in time lapse with pictures taken every 1 h. The indi-
cated time points refer to time after white light exposure. (B) Germination and post-germination stage percentage of Col-0 and elo3-6 seeds in darkness. The seeds were
sown on half-strength MS without sucrose, stratiﬁed for 48 h at 4C, exposed to white light for 6 h, and shifted to darkness. Fifty seeds were taken at the indicated time
points. No germination, germination, and post-germination stages were observed under the stereomicroscope and quantiﬁed. (C) Col-0 and elo3-6 seedlings were grown
4 days on half-strength MS medium with (C) or without (¡) sucrose in darkness. Bars represent mean values § s.d. Differences between mutant and wild type were sta-
tistically analyzed with an unpaired two-tailed Student’s t-test and signiﬁcant differences are indicated with asterisks (P<0.05).
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VASCULAR-RELATED NAC-DOMAIN 2 (VND2), Oct-BIND-
ING FACTOR (OBF)-BINDING PROTEIN 1 (OBP1), TEO-
SINTE BRANCHED1/CYCLOIDEA/PCF 14 (TCP14) and
TPC15, DNA BINDING WITH ONE FINGER 5.6 (DOF5.6),
DOF6, and DOF AFFECTING GERMINATION 2 (DAG2), were
down-regulated in elo3-6 (Table 1). The gene coding for the pos-
itive regulator of light-induced germination, LONG HYPO-
COTYL IN FAR-RED 1 (HFR1),18,19 was also down-regulated in
elo3-6 and targeted by Elongator for histone acetylation.12
Although the Elongator complex expressed in meristems is a
well-known regulator of many aspects of growth and develop-
ment,2,6 its role in germination had only been suggested.1 Our
detailed analysis indicates that germination is delayed in the
elo3-6 mutant, possibly as a result of transcriptional down-reg-
ulation of known germination regulators, and that this defect
does not depend on the delay in early post-germination growth.
Consequently, we propose a novel function of the Elongator
complex in the control of the germination.
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Gene
name
AGI locus
name Full name
Fold change elo3-6
/Col-0 in darkness
DOG1 AT5G45830 DELAY OF GERMINATION 1 0.66
VND2 AT4G36160 VASCULAR-RELATED NAC-DOMAIN 2 0.47
ATHB-15 AT1G52150 HOMEOBOX-LEUCINE
ZIPPER PROTEIN B-15
0.55
OBP1 AT3G50410 OBF BINDING PROTEIN 1 0.68
DAG2 AT2G46590 DOF AFFECTING GERMINATION 2 0.57
TCP14 AT3G47620 TEOSINTE BRANCHED,
CYCLOIDEA AND PCF (TCP) 14
0.7
TCP15 AT1G69690 TEOSINTE BRANCHED, CYCLOIDEA
AND PCF (TCP) 15
0.65
DOF5.6 AT5G62940 DNA BINDING WITH ONE
FINGER (DOF) 5.6
0.67
DOF6 AT3G45610 DOF TRANSCRIPTION FACTOR 6 0.56
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